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CHAPTER I INTRODUCTION AND SUMMARY

A portion of the studies of the biological effects of blast from
nuclear explosiona has been concerned with the translational C!3,&cts
of blast waves for objects as small as a 10-mg stone and as large
as a 168-lb man. Computed results from theoretical studies 1 ',
when compared to field data for near-ideal blast waves from nu-
clear explosions 3 . 4. 5 have demonstrated that the motion of experi-
mental objects can be satisfactorily predicted for free-field con-
ditions or for window glass in houses.

This report presents for high explosives (free-air burst) the
results of a similar theoretical study - specifically, computed
velocity, di~placament, and acce.cration as functions of time for
a variety of objects exposed to blast waves with 12 ma..imu~n over-
pressures ranging from I to 20 atm. Although all computations
were made for I ton of high .swplnsives burst in free air. the re-
a its may be readily scaled to lower or higher yields and to surface
burst.. The translated objects, or missiles, are identilied in this
study by their acceleration coefficients* which range from 0. 01 to
6. 0 ftZ/lb. **

*Acceleration coefficient is defined for an object as its area
presented to the wind times its drag coefficient divided by its
mass. See Ref. 2.

**This range in acceleration coefficients is for I ton of high
explosives burst in free aii. Because of scaling laws (see
Sect. Z. 1), different ranges would apply to other yields and to
surface bursts.
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CHAPTER 2 ANALYTICAL PROCEDURES

Z. i THE MODEL

The computational model used in this work was reported in
Lef. I anc will not be describ,'d in r$etail. In the previouo study

ta•ular values of computed velocity, displacement, and accel-
eration as functions of time were presented as nondimensional
quantit'tes for missiles produced by nuclear. blast waves. How-
ever,, to make interpretation of the resultm casier, the compu-
tations In the present study for missilc s produced by high-
explosive blast waves were made in dimensional form for a yield
of i tori,*and the results are presented graphically. Dimensional
analysis derived previously1 make it possible to apply the results
to explosions of lower or higher yields within the limits of weapons'
scaling.

In deriving the computational model (see Ref. i), the following
assumptions were made: -(1) Friction between the missile (tranF-
lated object) and the surface was negligible. (2) The effect of
gravity on the horizontal velocity of the missile could be neglected.
(3) Only the winds associated with the blast wave contributed to
mntssile translation. (41 The acceleration coefficient of the mis-
snle could be assumed to be constant. (5) The blast wave does not
decay appreciably while passing the missile.

Allowance was made for the object being zxposed to the blast
winds, for a time dependent on the relative velocity of the rnissile
and the blast wave. This effect was partieularly important for the
missiles with the higher'acceleratdon coefficients which are pro-
pelled to relatively high velocities.

Ntinerical solutions of the model were determined by stepwise
integration of t1he -nodel equations. I For missile velocity, the
following was used

A Mv--e÷ - + f+2 g (1 r

where

AV is positive if u> vi,

Av is negative If u >V

Av change In missile velocity daring t4me step At,

e - V,

*For free-air bursts.
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p U.

and

vi . missile velocity at beginnfrtr af At.

'a - average wind velocity daring At,

x = average veloetty of propagation of blast wave during At,

approximated by A a 0. 6 u +/q7367

co = vAlo•ity of sound in the undiiaturbed air

a a acceleration coefficient U a Cd/m,l..

a * area pxesented to wtnd by missile.

G0 a drag qoefftt!ent oC misslle.

rn = mass of missile,, and

q = av-rage dynamic pressure during At.

Incremental distance. Ad, was computed by the following:

Ad (v 0 + vl/Z) At*1 Uj - v. - Av/2) (3)

Missile acceleration, a, was determined from the following
(integration being unnecessary):

ara-q (u-v) H(

where q, u, and v are dynamic pressure, wind velocity, and missile
velocity at any time t. %Note that an acceleration nurne, ic is used in
Chap. 3: A = a/g where g is the acceleration oi gravity. )

Equations (1) and (Z) were integrated in a stepwise fashion from
the arrival time of the blast wave (t = 0) to the time of zero wind
velocity (t =t4. Because of rapid changes In missile and wind
irelocit!.ts shortly after the arrival of the blast wave, it was neCes-
sary to use smaller time steps during the early times th~n dutrizg
later tines. The following arbitrary scheme was used to determine
the variable time step. The first step was always 0. 001 tt. The
remaining time (t& - 0.001 1) was divided into 99 log intecyals.
The first 85 of the log intervalb were used as ever-increacing timne
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s.eps. The+B85th log interval was then 'jsed as a constant time step
until time t was reached.

u

For conventence, the scaling l.ws for translational studies
derived in, Chaps. % arid 5 of R2f. I will be restated using the terrnt-
nology of the present report The subsctript "1" to', UsedI to denote
parameters appaleable to a yield ot I ton of hfgh explosIveass to an
arabiont. spned c4 sound of Il1 ftUsee, apd to aro ambient presta11e
oL 14. 7 p;i. Ihi parar1.ters withualt subseripts a-z ippikable to a
yfeld of W Wns, to all ambient speed at sound of co ftfsee, and to
" arnbiont presstue of Pe pat. TIhs. the results fin Chap. 13 ft
"be scaled as fOllow•l os fsee-ai" btrsts (N' swtafe. bursts, replace
V bV W):

* wa= v! ec/ll•fl,

d dl (14.1 W/pO)' 3 ,

a 1/3 14 3A. A• (a 11117) ilW)1 C(pof4. 70 ,

t &I (I1L17/c) (04. 7 Wlpo) I/3 * and

a mi (14. ?/po)2 1 3 (1/1117)2 (OIW)1t 3

where

V = missile velocity in ft/eec,

co = ambient speed of sound in ftlsoc.

d = distance of rnisailo tieavel in ft,

W yield of high explosives* in tons (for surface bursts.
replace W by 2W).

pa z4mbient pressuire in psi,

A acceleration of missile (A = a/ 32. 2) in gravity units,

t time after arrival of blast wave in mosec, and

a acceleration coefficient (a - s C dm) in ft Ilb.

2. 2 BLAST-WAVE PARAMETERS

2. Z. I General

The solution of the translation model described in the last
section requires that dynamic pressure (q) and wind velocity (u) be

*For fre.e-air bursts.
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a a

defined as a function of time. Clear and explicit presentations o4

these quantities for high explosives were not found In the literature.

Consequenitly. most of the blast =&ifatua used in this report was
taken from a numerical study by Erode' and from experizn.nti1
results reported by Goodznafm. 3 This'mtterialalonfg with Rankine-

Hugonlot eqUations,4allowed comput-tion of the needed blast pana-
rnete.-se ¶he overpressure-time reladton, needed to determtne

wind velocity as a fanction of time, will be treated first.

2.2. 2 Overpsesetue vs. Tihat

T'he overpressure irnormtzatn w•s obtained form expert-

n.,tal results. 3 Duration and overpresaure mnpulse seaed to

I Lonof highescplostves are recorded In Table 4 I foo the oveapres-

inure alues of interest In this study. Ov'e• eur azs a f•i•ntino

of time w-.s not defined In AReL 3, but in the present report it was

assumed to be of the form

P = P5 (I- T)en? (4)

where

P a *verpre5U15e in aen,

Ps = madmnu or shock oveptpresute in atn,

Ta titt+p

t time aft"e arrival of the blast wave in mses,

pa dtration of positive overpreesae in msec, and

n a a constant for %, given value of Po.

Sinee 3% in the above eqaatian determines the share of the

P-t cauve, it also determines tbh impulse, 61 s. for parkiar

values of Pgs and t4. Thus, integrating -q. (4) giv-is the follov-vig

impulse, ý. relation

I+ 0 3 +? ( a + - M)
p 0 p

The values of a listed in TCable Z. I were fourn using 1q. (5).
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Table •. 1

Phown*?ers for Determining Overpressure-tCunt Functions*
11 O'on of HIgh Explosoves 6 Free-,Alr Burat? ?

IRht * n I p atm mene n

1.0 16.5 6.48 .96o

1. 14.4 7.5$ 1.32
2.0 12.9 8,,30 1.47"

3.0 10.9 9- 46 1.81

4.0 9. 70 10.3 2.15

5.0 8.801 10.9 2.42

6.0 8.40 11,4 2, 80

8.0 7.99 12. z 3,.6

10.0 7.73 12.7 4.40

15.0 6. Z7 13.6 5.19

0 3.00 14.2 2.65

*; P -T) C-n wheze T : t/t +
-1p



Z. Z. 3 Dynamnic Pressure vs. Time

Dynamic pressure in atmospheres at the shoQk fr•nt, Qs,
was computed using the Rankine-Hugoniot relation repogted in Ref, 41

2.5 P 2

Os fl-P•S•

Values of Qs qorrtspondtng to Ps values llsed in tls sted? are
listed in the. sewond eolumn of ¶lable t. 2. Durations, 41 tndtrm-

pulses, l., tor dynamnt pressure in the same table vere btatned
by scaling the results ol a anirerkral stludy% t a y•e2d of I ten

(Ifreea-ai bei6et. 4 snaltng Netor was applied to g umvier'qu% %e-
suits In order to make the overpressate durations Gonstem4 wU&1
those foead uacpazr~txnentb.?

A r•9eoclur.e stmlla tW that deserilbed in $eet. S.t. t was

2sed t d•eterrmne dynamic pressure v•, tfne. NPattes reeordhi
in Table 2. & foi' r vere obttlned ifrm

+ + + r - 1)j rr
1;1 08 t' CC

where.

St m axb rnum or shock dynam le pressure In atm,

t= dtration of pesttlwe dynami pntassc e In titter 1u4 d

r a consant fo; a parttriuAr value ofja or vs.

flynatnic pressure Ss IL teact~oa of Mmze -.Quid tk~e be locit

using

wLgre T 'aw~

2. 7.4 Wind Velocity vs. Tirne

By deinition,-

where %;a dynamic pressutre,

*8 V

a

0m
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table a. 2

Parameters for Deterrnmning Dynamic Pressiare
as a Functior of TTme*

(I Ton of High Explosives, FP-ee4At; ] urstj

P8 atm Q., atm,** t, ntseO I, U atpi •-m r

1.0 .,56 .. 33

1.* ,6&18 2..4 .5,10

2.0 1. 111 18.4 Z,'71 6. .3

US1 SA7.1 5.28 .4*

3.0 ?..250 1o.1 31,00 L .9
40.W j 14e,4 4.04) a

5.0 $S.z0• I3.1 5. 75? I,7

(b. 4 4. "706 ,sl ?t 10 ,8 W .90 •

isle as. A U S-0 4.396
t.. 35. Zfo 2,.12 30,(

OAO 0(1, 1 4W2er*73tf

"*'coinptetd freno U x

- 0

"-9-

a*

• . , I l I I II I I I I •-i "i-----



-p air denasty, and

u I wind vv.oIot. o

Wind veloqgty coe!d thus las deta=10%8 After the dynamic pressure
arid the ar Jenaftsi~re evideatsd. 'Me -?r density aeress t~le 4
shoci, P,, wan found us(ig Qne of &%* IPAnkine-HdgoxLiot eqdatIonsh

psr t 71 P E s (91

wire to ts the ambjept air' d.•ijatro

GAnges in aIr densatt? aitser U• pansag%•f the s4ocirseere Iss&xqe 8

to be adiabatia. Thus,

vle~r p = air denfItt v•h" tUat O1rsresut% #A P atrrw

C Q

S 0

@S

a@
6

00

0. 0

I



REFERENCES CHAPTER Z

1. Bowen, I. G., R. W. Aibright, E. R. Fletcher and C. S.
White, A Model Desiged to Predict the Motion of Objects
Translated by Classical Blast Waves, Civil Effects Test Oper-
ations, USAEC Report CEX-58. 9, June 29, 1961.

0

2. Brode, Harold L., A Calculation of the Blast Wave From a
Spherical Charge of TNT, RM-1965, ASTIA Document Number
AD 144302, Augui~t 21, 1957.

3. Goodman, H. J., Compiled Free-Air Blast Data on Bare
Sphertcal Pentollte, BRLOIeport No. 1092, February 1960.

4. Glasstone, Sanuel, Editor, The Effects of Nuclear Weapons,
Revised Edition 1962, Superintendent of icumens, U.TS.
Printing Office, Washington, D. C., Aprt1 1962.

o0

eS

@a

-!I

0o

o0
0 o



CHAPTER 3 RESULTS

3. 1 GENERAL

Computed results were obtained using the translation model
described in Sect. 2. 1 and a digital computer with an incre-
mental plotter to graph the output data. The system for deter-
mining timd steps (see Sect. 2. 1) resulted in 106 to I LZ steps
for each numerical integration from the arrival of the blast wave
(t a 0) to the time of zero wind (t = ta).

As previously noted, all solutions were made for I ton of
high explosives fnr free-air bursts. The 12 different blast waves
used are identified in terms of overpressure: Ps = Ps/P o , the
ratiq of shock overpressure to local ambient pressure (not
necessarily the sea-level value of 14.7 psi), sometimes called
exceess pressure ratio. Valutes of P, used were 1. 0, 1. 5,. 2. 0,
2. 5, 3.0, 4.0. 5.0, 6.0. 8.0. 10.0, 15.0, and 20.0 atm.

Por each Pa, nurneriq^l int~grattons were made for the
followtng Imceleration coeffiqients, el, in the d'rder listed: 6, 3,
2, 1, 0.6, 0.3, 0. 2, 0.1, 0.06, 0.03. 0. 02, 0.,01 ft'/Ib. If the
m~ximum veloctty vomput%4 for Uny acceleration coefficient vwas
leas than 10 fvsqA, th. contputItions were halted for that over-

spresslire.

Acaording to the translattonul mbdnl Used, the behavior of
In o¶ojeat to determtried by its aeceleftt16n toefficient, alk.other
factors belng 6onstant. To atd Interpietat.on of the computed re-
sult~sy a list of accieleraeon 45%ffict-nts bbtalhed from Ref. I
for a varietv of objects ts reprodeiesd IMnbl% ). 1. A more conx-
p1qte sofrcq of acceleradon-@&%ffTciwt 9n~rmation can be found•n V" 20

3. VELOCIrY VS. O1MME A ND _]5_•I•__ VS. TIME

* * (oomplted vloqpity %nd disttnce as functions of time are pre-
se~ntd h;r a maximum overpr~dsqre* of I atm 1p Figs. 3. 1 and
3.A, rqspecJvly, for seven aecaleritton coefficients. Machine'
plots for these Ikng succeeding 1gtros donnected with straight
ltnes %very other compfted point for the first 86 time steps. All
of the remainIng timeb stops wqre plotted. Each of the curves end
lkt the mrnpont of the lastS¶me stop before the ,ynamic pr.nsure

*Defned ?n S". % I.

00e

o C
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*Table 3. 1

OTyptoal Acceleration CoeffIcients, * a = sCd/mn
where a is the area presented to wind by missile,

Cd Ts the drag coeffictent, of the missile,
and rn is the mass of the missile

a, ft Ilb
168-1b rnant

* standing faq.Ing wind 0. 0 A

Standing sIdewile to wind 0. O2t

Crouching facing wind 0..01

Crouching tidewise to wtind 0.017

Prone al~gned with wind a0,0063

Prone perpendicular to wind 0. 022

Average value for tumoling man
in straight, rigid position * 0. 03

21-g mice, maximum area presentq.d to wtnd 0. 38

18Opg rats, ma ccemum area proesntqd to wind 0. 19

530-g guinea pigs, maximum area presented to wind 0. 15

2100-g rabbits, maximum area presented to wind 0.079

1-Typical ssonesf

0. 1 g 0.670

I.uIi g 0.032

10#0 g 0.015

* Windo;#-glYtss ?ragmentit, 1/8 in. thick**

0.1 g, 101 orientations *0.78

Co0ng, edgewise and broadside to wind 0. 48-0.57

10. 0 g, edgewise and broadside to wind 0. 34-0. 2

*Fgrom Ref. 1.
i*S~ngle -strength window glass. See Ref. 2 for data on plate

pical s o

S

O. -13-0.7

C.)g03

lOOg0.1
0 i~•g~s[rgen• / n hc€
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and winds become negati-v. For high acceleration coefficienta,
the curves terminate at later tir too than do those for low ones:
the missiles with high coefficients - and, thus, with high velce-
ities - travel along with the blast wave for longer times than do
those with the low ones.

The appropriate equations for scaling the computed results
to other yields and ambiet-t pressures and speeds of sound are
presented on each chart. To illustrate scaling from I ton to
1000 tons (I kt) and to compare the results for I kt with those
for nuclear blast waves, I consider the maximum velocity and
distance of travel at maximum velocity predicted for a I-g
stonewhen P ea 1.0 atm, pe= 14. 7psi, co= 1ll7 ft/sec. A
stone of 1 g has an acceleration coefficient of 0. 32 ft 2 /I,.
(See Table 3. 1.) For ayield of I ton* the maximum predicted
velocity for al = 0. 32 ft'/lb obtained from Fig. 3. 1 is about
30 tt/sac occurring 19 msec after the arrival of the blast wave.
By referring to Fig. 3.2, the distance of tr&.rcl of 19 msec is
found to be about 0.48 ft.

To apply the computed data to a yield of 1000 tons surface
burst, it is first necessary to determine an equilvalent accrlera-
tion coefficient, al, for a yield of 0. 5 ton surface burst. By using
the scaling equation •or accelerat*or coefficierat in Figs. 3. 1 a
and 3.2, o] = 0. 32 ftl/b x (Z0O0)T'A = 4.03 ft /lb. The maxi-
mum velocity predicted for this value of al is about 210 it/sec
occurring 12 insec after the arrival of the blast wave (Fig. 3. 1).
The distance traveled for W = 0. 5 ton and for al = 4.03 ft /lb at
12 meec is 2. 1 ft (Fig. 3. 2). For W = 1000 tons, the distance
is 2. I ft x (2000)1/3 = 26 ft necurring 12 msec x (2000)l/ = 151
msec after the arrival of the blast wave. For comparison, the
maximum velocity and distance of travel at maximum velocity
computed for a nuclear blast wavel for the conditions stated
above for a yield of I kt are 200 ft/sec (high explosives: 210
ft/sec) and 28. 7 ft (high explosives: 26 ft). A similar compari-
son was made for an acceleration coefficient of 0.0238 ftz lb
and a blast wave with a maximum overpressure of 1 atm. The
high-explosive data scaled to I kt predicts a maximum velocity
of 29 ft/sec and the nuclear data a velocity of 30 ft/sec.

The charts shown in Figs. 3. 3 to 3.24, similar to those de-
scribed, were computed for maximum overpressures of 1.5, 4.X. 2.5. 3.0,

*The data in the charts were computed for I ton for the free-
air blast waves or 0. 5-ton surface burst.
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4. 0, 5. 0. 6. 0. 8. 0. 10. 0. 15. 0. and 20 atma. The -v lociLy
curves for a, ! 6. 0, in !mo cases, cross those for the lower
acceleration coefficients (see Fig. 3. 9, for example). Comn-
parison of Lhe velocity charts with the blast-wave parametera
shows that this phenomenon occurs only for blast waves whose
dynamic pressure decays relatively fast with time, i. a. , blast
waven identified with the higher values of "r" listed in Table 2. 2.

3. 3 ACCELERATION VS. TIME

When a blast wave first encounters a missile having zero
velocity, the maximum acceleration experienced by the missile
is the product of its acceleration coefficient and the maximum
dynamic pressure. * Computed values of maximum acceleration
in g-units are presented in Table 3. 2 for the maximum over-
pressures and for the acceleration coefficients used in this study.
After the missile attains a finite velocity, however, missile and
w'nd velocities also control missile acceleration. * Thus, scaling
procedures are not necessary to obtain maximzium acceleration,
but scaling (as indicated on Figs. 3. 25 to 3. 36) is necessary to
evaluate accelerations occurring after the maximum.

Plots of acceleration vs. time are in Figs, 3. 25 to 3. 36 for
t:,e same combinations of overpressure and acceleration coef-
fi-ents for which velocity and displacement data were presented
in the last section. In order to separate the curves appearing on
each chart, the plots were not always made to zero acceleration.

*This relation is expressed in Eq. (3) in Chap. 2:
a aq (u - v) /u 2.
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Table 3.2

Maximum Acceleration (A, g-units) for 12 Acceleration Coefficients
(a, ft /lb) and for 12 Maximum Overpressures (P , atm)

p a=6 a= 3 a=-2 a= I a= .6 a=. 3  a=.S

1.0 3,970 1,980 1, 320 662 397 198 13Z

1.5 8,410 4,200 2,800 1,400 841 420 280

2.0 ::4, 100 7,060 4.700 2,350 1,410 706 470

2.5 40,900 10,400 6,960 3,480 2,090 1,040 696

3.0 28,600 14,300 9, 530 4,760 2,860 1,430 953

4.0 46,200 Z3,100 15,400 7,700 4,620 Z, 310 1,540

5.0 66,100 33, 100 22, 000 11,000 6,610 3,310 2,200

6.0 87,900 44,000 29, 300 14,700 8,790 4,400 2,930

8.0 135,000 67,700 45, ZOO 22,,600 13, 500 6,770 4, 50

10.0 187,000 93,400 62, 300 31,100 18,700 9,340 6,230
15.0 325,000 162,000 108,000 54, 100 32, 500 16,200 10,800

20.0 452,000 226,000 151,000 75.300 45,200 22,600 15, 100

P .a" - 06 a= .03 a = .02 .01

1.0 66.Z 39.7',%.. 19.8 13.2 6.6Z

1.5 140 84.1 .,-.,.42.0 28.0 14.0

Z. 0 235 141 70.6 47.0 Z3. 5

Z. 5 348 209 104 .9.6 14.8

3.0 476 286 143 95. 3.. 47.6

4.0 770 462 231 154 77.0

5.0 1, 100 661 331 220 110

6.0 1,470 879 440 293 147

8.0 Z, Z60 1,350 677 452 276
10.0 3,110 1,870 934 623 311

15.0 5,410 3, 450 1,620 1.080 541

20.0 7.530 4,520 2,260 1,510 753
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CHAPThR 4 DISCUSSION

4. 1 MODEL RELIABILITY

This report presents numerical predictions of the behavior
of objects set in motion by high-explosive blast waves. Un-
fortunately, these predictions cannot be compared with experi-
mental data. The translation model, i however, has been
successfully used to predict the results of se,.ondary-rnissile
experiments made at the Nevada Teat Site with nuclear-produced
blast waves which were near ideal (or classical) in character. *
In another experiment with anthropomorphic dummies it 3, maximal
velocity could be successfully computed using an average •,cceler-
ation coefficient for a tumbling dummy. However, to duplicate
more precisely the velocity-distance measurements, it was necessary
to use an acceleration coefficient which was a function of the orie-.
tatiun of the dummy during translation.

4.2 COMPARISON WITH NUCLEAR TRANSLATIONAL EFFECTS

In comparison with results computed for nuclear blast waves,
those for high-explosive waves indicate that the overpresoure must
be considerably higher for an object to attain the same maximum
velocity. This velocity occurs, however, after a much shorter dis-
tance of translation. Because of the short distances involved, it
seems reasonable, in many cases, to assume that a translated man
would not change orientation during the accelerative phase of dis-
placement induced by high explosives; thus, a nonvarying acceleration
cfefficient corresponding to that of his original posture could be used.
For example, the charts in Fig. 3. 13 and 3. 14 for P. a 5 atm and
W = 0.5 ton (surface burst) show that a standing person with an acceler-
ation coefficient of 0.06 ft /lb would attain a velocity of 23 ft/sec in

only 0. 1 ft of travel.

A comparison was made in Sect. 3. 2 between the velocities
predicted using nuclear and high-explosive blast data evaluated for
the conditions: P. = I atm, W = I kt (surface burst), p0 = 14, 7 psi.
co = 1117 it/sec.

*In these experimrnts, reported in Ref. 2, the velocities
were measured for stones and spheres in open areas and for glass
fragments from windows facing the oncoming blast wave. The blast
wave entering the houses through the windows was modified; how-
ever, if it was assumed to have a maximum overpressure equal to
the reflected value of normal incidence, the maximum fragment
velocities could be predicted,
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if or acceleration coefficients oi 0. 3Z 4nd O. 0238 the maximum
velocities computed for the two types of burst agreed within.
5 per cent. This consistency in the computed results is some-

what surprising in view of the differences in sources of the
input blast dcita. (See Rel. t, ', and 3 in Chap. Z. ) Nevertheless,
field experiments , ith high explosives similar to those performed
with nuclear explosionsZ, 3 are needed to test the model as well
as the input bla.ul data.

4. 3 BIOMEDICAL INTERESTS

4. 3. 1 General

Those interested in the relation between envir-nnment•.
medicine and weapons effects recognize that any reasonably
complete understanding of the many problems involved a equires
information in the physical, biophysical, and biomedical areas.
In this regard, a conceptual giide for analytical procedures :3.rId
rc search planning is essential; indeed such has been proposed
wherein five problem areas were defined to 61,.1cidate the kinds
of data needed to establish a quantitative fabric that would allow
the source of an environmental variation to be "tied" to hazards
assessment.

The five problem areas, plus another concerned with bio-
medical tasks, are Listed in Table 4. 1. The first three - encom-
passing "free-field" scaling, "geometric" scaling and secondary
events - represent ground that must be "spaded" mostly 'y those
qua lied in the physical sciences if understanding oi the environ-
mental variations that can occur at potentially populated locations
is to be forthcoming.

Contemplation of the remaining three problem areas make it
apparent that hazards assessment requires knowledge of biologic
response and the etiologic mechanisms involved. Such knowledge,
in turn, touches biomedical tasks such as therapy, rehabilitation
and all possible means for minimizing casualties through what-
ever protective measures might prove effective and feasible. It
is here that personnel qualified in biophysics, biology, and medicine
can contribute.

4. 3. Z The Translational Problem

Missiles

Since experience has shown that blast-induced environmental
vai.riations which are potentially hazardous include the translation
of both animate and inanimate objects, applicable and definitive
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Trible 4. 1

Problem Areas Relevant to Biologic
Effects of Nuclear Weapons

Design

Source Yield "Free-field"

Burst conditions scaling*

Range

Weather

Attenuation and Modification of "free- "Gemetric"

Augmentation field" phenomnena' by scaling

geomnetric conditions

of exposure

Physical Energy transfer to: Secondary

Interaction Physical objects and events

biological material

Biophysical Energy dis sipation by Etiologic

Interaction or within biologic mechanisms

targets

Biologic Major medical syndromes Hazard

Response Isolated individual effects ass essment

and combined injury

Biomedical Therapeutic and prophy- Casualty care

Tasks lactic measures Rehabilitation

Prote- i ve pro -

csdures

*See Fig. 4. 1 which shows the maximal values of
overpressure as a function of range from a 1-ton free-air burst of
high explosives at sea level. The chart is useful since it allows
one to determine ranges for the overpressures mentioned in
Sect. 3. 1.

.56-
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data are required for any comprehensive analysis. For example,
amoag the factors that contribute to the casualty potential of blast-
energized missiles are the velocity and angle of Impact; the mass
density, shape and character of the debris; and the area of the
body receiving penetrating and/or nonpenetrating wounds..

Displacemnent

Similarly, the potential for injury as a consequence of gross
displacement of biological targets may be due to accelerative
and/or decelerative loading. The former depends at least upon
the magnitude of the forces vs. time which initiate displacement
and upon the initial and subsequent orientations of the biologic
target. The latter depends mostly u.pon the velocity at which
deceleration occurs, the character of the ecelerating surface
and the area or areas of the body involved whether impacting
with a solid object or tumbling over some near-thorizontal sur-
face transpires.

4. 3. 3 Present Study

The previous paragraphs help to place in context the con-
tributiun of the analytical data presented in earlier sections of
this report in which physical principles were employed to :-stab-
lish a quantitative relationship oretwecat ice-fideld blast parameters
and the aerodynamic characteristice of objects thatemay be dis-
placed by blast winds. Thus, one may determine or estirrute many
of the important physical factors, and the quantitative valuog associ-
ated therewith, that are pertinent to the assessment of en~viron-
mental hazards.

For example, it is desirable to know what the velocity of
debris may be as a function of yield, range, and distance of
travel for inanimate objects having various areas, mnasses, and
drag coefficients. Likewise, it is of value to know the order of
magnitude and duration of the "G" loads imposed on animate objects
by blat winds associated with different overpressures produced by
various explosive yields. Also, under similar circumstances, it is
helpful to have values for the velocity of animate objects as a function
of time and di mtance of travel. The latter is often pertinent because
the work space of one exposed individual may allow only a few feet
(of travcl and thus limit the impact velocity; for another individual
the environment may allow attaiunment of a higher and perhvuns maxi-
mal velocity before decelerativc events occur.

Thus the graphic data prepared for the present study not only
contribute t the physical aspects of blast effects, but also offer

plce b bas wnd. hu, n my etrmneore-58-t mn



information of value to those interested in blast and shock biology

as will be noted briefly below.

4. 3. 4 Biological Interests

There are at least two reasons why quantitative data relevant
to blast-induced translation of objects interest biomedical person-
nel. The first is entirely pragmatic, but requires that enough in-
formation about biologic response be available to formulate biologic
criteria equal to th.e challenge of hazardt assesament. When such
criteria exist, it becomes analytically poss.ble to set forth, as
functions of yield and range, "safe" areas and those within which
periormance may be degraded, casualties may occur, and rarious
levels of lethality can be expected.

The second reason physical data rolevant to blast-induced
environmental variations intrigue blast biologists is related to
the fact that biological-response data are frequently lacking or are
inadequate for hazards assessment. Under such circumstances
the physical information can be used to plan conceptually and to
direct more realistic research programs. A case in point concerns
the very high initial G-loads predicted for objects the size and shape
of man set forth in Table 3. 2 and the G-time patterns contained in
Figs. 3. 25 to 3. 36 applicable to the 168-lb man, viz. , acceleration
coefficient (a) values of .052, , 021, and . 0063 for individuals
standing facing the wind, crouching facing the wind, and prone
aligned with the wind, respectively. The physical data strictly
refer to the displacement of the center of gravity of rigid objects
simulating an "average" man. They specify G-loadings that rise
"instantaneously" to very high values and decay differently with
time depending upon yield, range, acceleration coefficient, etc.
They say nothing about the G-time variations that actually occur
on the duwn-stream side of semi-elastic living object compared
with the up-stream side or about the associated loads applied to
different internal body organs.

The physical data, however, do pote problems for perceptive
biologists. For example, wha. is the biology of instantaneously
applied G-loadings? Can high-density blaqt winds produce injury
only because they suddenly "push" a man too fast, and, if so, under
what circumstances? Are the signifit.ant effects, if ar4y, limited
to small explosive charges and to "isolated" portions of the body
such as fingers, feet, extremit'ea, etc..? What is the cornpara.tive
range-yield relationships between these kinds of C-loads and
hazards due to primary (pressure) and cecondary (missiles) blast
effects?
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These questions prompt one to be. more mundane and say
that while the biophysical and biological considerations are
si.-iply not the concern of this presentation, it is clear that the
physical data at hand, combined with biological information now
available, make many comparative assessments possible. In
this context the pracitni tad siilar ctudiqw v•uld wull Locus the
light of attention on important portions of the research frontier
and perhaps speed full illumination of significant treas in future
years.
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